Introduction
The problems arising in commercial distribution are complex and involve several players and decision levels. One important decision is related with the design of the routes to distribute the products, in an efficient and inexpensive way.
This article deals with a complex vehicle routing problem that can be seen as a new extension of the basic vehicle routing problem. The proposed model is a multi-objective combinatorial optimization problem that considers three objectives and multiple periods, which models in a closer way the real distribution problems. The first objective is cost minimization, the second is balancing work levels and the third is a marketing objective. An application of the model on a small example, with 5 clients and 3 days, is presented. The results of the model show the complexity of solving multiobjective combinatorial optimization problems and the contradiction between the several distribution management objectives.
Preamble
The growing number of problems that firms are facing nowadays with relation to the distribution of their products and services, has lead logistics to be of primary concern to many industries.
The importance of good distribution strategy in today's competitive markets can not be overstressed. In many industries an important component of the distribution systems is the design of the routes of vehicles to serve their client's demand.
In this work, we will explore the decision making problems in distribution management related with the delivery of products to customers, on a given period of time, using a fleet of vehicles. The decisions on how to assign customers to drivers and to design the routes made by each vehicle constitute the Vehicle Routing Problem (VRP).The motivation to work on this VRP arises by the distribution problems faced by the food and beverage industry.
Vehicle routing problems have been explored both in the management and operations research literature. To get closer to real world problems and to reflect the multitude of concerns in distribution management we will extend the basic VRP. The final result of this extension will be a multi-objective model that takes into consideration three different objectives. These objectives are: 
The multi-period distribution problem
The idea is to create a multi-objective VRP that models in a closer way the real distribution problems, since the basic model is rarely applied in real problems due to its simplicity.
The basic model has an objective function that is centered in cost minimization. Distribution costs are, for many industries a significant portion of their total costs, but, they are not the only source of concern. In real business environments, companies face a complex variety of problems and the solutions for these problems are, in many cases, contradictory. There are conflicts of interest that must be managed and the way the conflicts are solved may be crucial for the success of the distribution policies.
As far as we know, the only multiple objective VRP model considered in the literature is the one in [23] . These authors developed an integer linear model that searches for the shortest travel path and balances driver's load simultaneously. The work is measured in terms of traveling and loading time. The objective function is the weighted sum of the two objectives. This second objective minimizes the difference between the working time of each vehicle and the working time of the vehicle with the shortest working time. Our paper introduces a different measure of work and of balance, multiple periods and a third objective.
The classical VRP considers only one period and chooses the optimal routes for that period. Here we will introduce more periods by considering a week length of analysis. Each day we have a different set of clients to serve and quantities to deliver. The reason for this assumption is that in many industries we see that customers have low demands in terms of quantities but demand very frequently, tending to maintain low levels of stock. The just-in-time distribution is a tendency in many businesses to lower stock handling costs. This is particularly true on the food and beverage industry. Since they may distribute their products to bars, small stores or larger supermarkets, these companies face very different types of customers. Some place orders almost every day and others place fewer orders but order higher quantities each time. Some days might also have higher demand like Fridays or Mondays. The three objectives are the following:
Objective A -Minimizing Cost
Cost reduction is one of the biggest concerns in transportation and distribution management, but not the only one as we will see later. We want to find the route for each of the vehicles that will pass through the demand points in such a way as to satisfy all the demand with the smallest cost (or distance).
Objective B -Balance Worklevels
The second objective function, seeks to balance the work between vehicles. The idea of making a multiobjective model that balances the work and minimizes cost has already been explored in the work of [23] . In that paper the way the work is balanced is by minimizing the difference between the work of each vehicle and the work of the vehicle with the lowest work level, where the work was measured in terms of traveling and loading time.
In our model we considered the measure of the work related with the volume transported during all periods. This is particularly important in industries, like food and beverages, where is everyday more common to have a percentage of the remuneration related with the amount of sales and distributed products. Therefore, to measure the equilibrium of the routes we will consider a statistic, the standard deviation, since it is a well known measure of deviations or spread around the mean.
Objective C -Marketing Objective
In this model, each driver will try to serve always the same customer. This marketing policy is giving emphasis to the personal relationship between drivers and customers as a way to improve customer service. Since we have other constraints such as capacity and number of vehicles, we want this to happen the maximum number of times possible. This requirement may have to be sacrificed but we will try to enforce this at least to the best clients. Therefore, the idea is: the better the client is the more interest we have in maintaining the same driver. This policy is becoming relevant in many industries, in particular the food and beverages, since the driver also performs commercial tasks.
Solution Approach
Solutions for the above problem were obtained for a small example. The example considers 5 clients, 2 vehicles and 3 days. The option to use an example with only three days is just to have a short computational time. And, on the other hand the number of days is large enough to allow the analysis of the results.
Solutions for three scenarios, corresponding to the optimization of the 3 objective functions (A, B and C) independently, have been obtained. Analysing the results we see that: all the routes are different depending on the objective we want to minimize, and, in general, the three objectives are contradictory. All the solutions are non-dominant. The next step was to implement the weighting method approach to the same example, we will call it objective M. For this implementation we need to define the weights and the costs associated with objective B and C. The solutions obtained when optimizing objective M1 and M2 dominate the one that results from optimizing objective C.
If we try to increase the size of the example, by adding one more day, the computational complexity increases exponentially.
We propose an Iterated Local Search (ILS) to solve this problem. The ILS is a metaheuristic that consists in building a sequence of solutions generated by an heuristic. We start by an approximate algorithm that we refer to as 
Conclusions
The results obtained matched our expectations: The three objectives are contradictory and, when optimizing one of them we obtain bad solutions for the other two. When using the weighted method as an approach to solve the multi-objective issue we face two problems: the first is that the costs associated with B and C are artificial and influence the results; and second, the definition of preferences for each objective also influence results. Just by analysing such a small example, we were able to conclude the importance of the inclusion of multiobjectives in the multiperiod model.
Since the idea is to approximate the model to reality we need to overcome the complexity of the model and the time to find solutions to be able to apply it to real cases and help the user to take decisions. We developed a metaheuristic, based on a technique known as Iterated Local Search, that enables us to obtain good results in shorter running times.
